Abstract A portable infrared spectroscopy system has been designed and developed for assessment of quality of mango fruit. This paper describes the design and development of a fruit quality grading device using reflectance mode optical sensor. The experiment was conducted to obtain the best results from the system and the device was correlated according to the measured output. In the experiment, several samples of mango fruits have been monitored for six days to study the relation how fruit quality increases with time as fruit ripens. Between the unripe mango fruit and the ripest one, a range of 3.5 V to 4.2 V was measured by the developed system. The rate of quality increase was calculated as an average of 6.7 mV per day. These results were used to correlate the final hardware and software development of the device. The results demonstrate that, portable near infrared spectroscopy is feasible for evaluating mango quality non-destructively.
Introduction
Fruits have abundant nutritional components that are necessary to human and significantly protect for health. Eating different species of fruits and vegetables gives a wide range of valuable nutrients to the human body, like fiber, potassium, and vitamins. High quality fruit also reduces the risk of several chronic diseases such as perhaps heart disease, high blood pressure and some types of cancer.
Mango is one of the most highly nutritious fruit containing carbohydrates, proteins, fats, minerals, and vitamins. As mango fruit ripens, the concentrations of glucose, fructose, and sucrose increase while vitamin C concentration decreases. Comparing to sour and greenish immature mango, mature mango turns to yellow with a very sweet taste as it ripens. The recent studies recorded over 1,000 known mango cultivars with different shapes and sizes (Bally 2006) . In some countries, where fruits such as mango are part of their daily food and market, fruit industries tend to do more researches about the quality determination technology of fruits while consumers also begin to pay more attention on fruit quality. Consumers start looking for the trust marks and superiority seals with confirmation of selling only the healthful fruit (Lin and Ying 2009) . Fruit market value, transportation, and storage requirements are all affected by its quality. The quality of fruit can be classified into two common groups named as external and internal components. Internal quality may include texture, flavor, nutrition value and defect factors. Other factors such as size, shape, and color are generally recognized as external quality factors (Choi et al. 2011) . Several techniques and methods have been tried for assessing the internal quality of fruit; however, most of these implemented techniques are still invasive which requires much labor and time consumption. Recent researches have studied a faster and simpler method for quality assessment of fruit using optical spectroscopy technology. Near infrared [NIR, (750-2500 nm) ] spectroscopy shows the best results among the other ranges of the magnetic spectrum. As the first application of NIRS in agricultural products was tried early at 1950s (Lin and Ying 2009) . In 1990, first commercial application of NIRS to fruit sorting was initiated in Japan (Fan et al. 2009 ). Since that day, NIRS has been considered as a prominent technique for assessing of fruit quality non-invasively. Soluble solids content and firmness of several types of fruit including mango, apple, banana and other fruits and vegetables were studied and evaluated using near infrared spectroscopy (NIRS) (Fan et al. 2009; Antihus et al. 2006; Liew and Lau 2012; Tian et al. 2007; Moghimi et al. 2010; Carlini et al. 2000) .
The advanced researches have investigated on choosing the optimum optical spectrum for fruit evaluation, their results have proposed the use of near infrared spectroscopy for the fruit and vegetables quality assessment because of its highly accurate measurements that provides a brief and rich summary of the overall biochemical components of the sample (Fairuz and Zubir 2009) . The aim of this study is to design a technique based on infrared optical technology for fruit quality assessment, and to develop and fabricate a low coast, friendly use, portable instrument for assessment of quality of mango nondestructively.
Materials and methods

Process of fruit quality characterization
The process of fruit characterization starts by having an unripe fruit sample for testing, in which mango sample is used for this project. Preprocessing, such as hardware and software design and testing is necessary to ensure effective results. Once hardware and software is ready for use, voltage is applied across the system to lunch the infrared optical power generated by the light source NIR emitter diode. While fruit is placed in contact with the infrared optical transmitter, infrared optical power light is transmitted though the fruit texture to the receiver circuit which based on photo-detector to detect the infrared optical power light and to convert it into an electrical signal. The received infrared optical signal is detected by the photo detector and converted to voltage to be amplified to a high output signal using an amplifier. The received signal is then interfaced with a microcontroller to be measured and displayed on the LCD. The process of fruit characterization is shown in Fig. 1 . The fruit quality assessment schematic diagram includes four main stages is shown in Fig. 2 . The four main stages are called, the power supply, optical sensor and amplification, microcontroller and output display stage. The main task of the power supply is to provide a power of five volts to the system. The optical sensor is the input of the system; it extracts the reflected signal using a transmitter and receiver sensors and feeds to the amplifier section to strengthen the signal. The microcontroller is the brain of the whole system. It receives the amplified signal from the sensor stage, measures the received voltage and correlates the data received with the quality percentage, and then sends the result to output. Display stage of the system forms the output and the interface for the user.
Voltage regulator A voltage regulator, LM7805 is connected to a battery or an external power supply to get a regulated output voltage of 5 V. To convert the alternating current (AC) to direct current (DC), allowing current to flow in only one direction, and to prevent any reverse voltage, a rectifier diode, 1 N4001 is connected between the power supply and the input leg of the voltage regulator. The sharp current spike and other noise effect can be made smooth using the electrolytic capacitor added between the regulated output voltage and ground. In general, the device is designed to work using a direct connection to external power supply or by using an internal 9 V battery.
Optical sensor In general, several types of optical instruments have been developed for nondestructive measurement of the internal composition of fruits. The need of effective optical sensor would require the designer to consider the type of fruit to assess and its size. The thickness of its skin and the specific attributes to be tested should be considered as well. Different types of fruit require specific design configuration including the choice of using reflectance or transmittance mode. For assessing small fruit such as grape or any other small translucent fruits, the system is better designed using whole fruit light transmission techniques for better nondestructive optical measurements. However, for other fruits, like mango, the size and the optical density of the fruit make whole fruit transmission measurements impractical and reflectance measurement method is recommended to be implemented. Because of these limitations in the transmittance mode, the reflectance mode is implemented for the circuit design in this study. Using the reflectance sensor, when a transmitter emits IR beam, the photo-detector picks up the modulated IR beam reflected from the sample and produces a varying current. This current represents the quality of the sample and it varies between zero and 12 mA with respect to each sample. This signal is then converted to a voltage signal that ranges between 4.4 V, when no sample is placed in touch with the sensor and then it drops to 0.26 V once the sample is facing the sensors. Two resistors should be also connected in series with the bath of the sensors to limit the current going through the sensors. The values of the resistors and the configuration design are shown in Fig. 2 and it is made in such a way to get better output signal detection.
Amplifier design
The diagram in Fig. 3 illustrates the amplification stage design of the circuit. Positive feedback TL081 is implemented in this design. The output weak signal received from the sensor phase is to be enhanced before reaching the amplifier input. A combination of series and parallel resistors are to be connected as shown in the diagram. This design configuration enhances the sensitivity of the input signal that makes it possible to observe obvious output voltage change even with very small change in the input signal. The parallel resistor (R6) is to be made variable so it can be easily adjusted according to the output voltage desired.
The non-inverting amplification (positive feedback) is made with the aid for R3 and R4 resistors. The voltage gain of the amplifier is calculated using Eq. 1.
While R3 is made variable, the voltage gain can be easily altered as desired. The decoupling capacitor (C1) is responsible for protecting one part of a circuit from the effect of another, such as suppressing noise or transients.
Microcontroller (PIC 16F877A) A PIC16F877A microcontroller is used in this project. Microcontrollers are described as the brain of the whole system. In this project, it calculates the received amplified signal, correlates the data received with the quality percentage of the fruit, and then sends the result to output for display. In this project, mikroC software is used to develop the algorithm code for the microcontroller. The code has been developed with best instructions to produce accurate fruit quality measurements. The developed code has the ability to convert the input analog voltage into an accurate DC voltage value that can be displayed on the LCD. PIC16F877A microcontroller has 40 pins with different tasks. Pin3 (RA1) is chosen to be the input of the analog signal, and first six pins in port B are connected to the LCD ports for output display. To provide a stable clock signal for the microcontroller, Pin13 and Pin14 of the microcontroller are connected to a 4 MHz quartz crystal with two capacitances to the ground. Quartz crystal provides a very precise frequency to keep track of time. A push button is connected between pin1 and ground to reset the microcontroller when needed, while pin1 is also connected to a pull up resistor to settle the input at expected logic levels. The LEDs of the device are connected to pin27 and pin28, and the chip is powered up by connecting pin11 to the positive voltage and pin31 to the ground.
Alphanumeric LCD 1 Alphanumeric LCD (6 × 2) was used in this study. LCD has very wide range of applications in other electronic fields and services. The LCD is designed with 16 pins that allow the interfacing with the microcontroller. In general, the connection of 14 pins is enough to activate the LCD, while the other two pins 15 and 16 are just used to the VCC and ground respectively in order to lighten up the LCD screen. Another two pins are used for contrast adjustment and the other six pins are connected to the ground. The rest of the pins are connected to port B of the microcontroller. LCD has a main task of providing the interface between user and system. It displays the information desired by the user and processed by the microcontroller.
Software development
The software for the fruit quality characterization system has been developed using a mikroC language program. The software is capable of performing various functions such as data acquiring, calculation performing, and result displaying. Flowchart diagram of the code is presented in Fig. 4 .
Final device construction Figure 5 shows a final physical look of fruit quality assessment device built for this study. In general, the device consists of some external and internal components. External components, as shown in Fig. 5 consist of the sample (Mango), sample holder, LCD display, LEDs, infrared sensors, aluminum foil, and power plug. Components are presented in the picture with their corresponding names. Aluminum foil is used to eliminate the effect of surrounded environmental light and so that, only the light source generated by the IR emitter is detected at the photo detector sensor.
The internal components of the device consist of the BCB circuits, battery holder, and other wires and components.
Results and discussion
Experiment 1 In this experiment, two samples of mango fruit were monitored for five days, each 24 h, to calibrate the device characteristics. The two samples of mango fruit were harvested from a local orchard in Bukit Beruang Utama, Melaka, Malaysia. One of the samples was chosen to be un-ripe mango while the other one was seemed to be pre-ripe fruit. The two samples were stored in the refrigerator to keep them at cold temperature (4±1°C). They were also allowed to equilibrate to room temperature (20°C) for 10 min before the NIRS measurement. The measurement was then observed and recorded for five following days. Each of the samples was labeled at two different points (x, y) and the NIRS measurement was taken at these two positions for each sample. The NIRS measurement of the un-ripe mango is presented at Table 1 .
The measurements are recorded for five following days, each 24 h, from the time where mango was still un-ripe until just a few days before the ripening time. For point x, the voltage received is recorded as 2.8 V in the first day and it keeps increasing until it reaches 3.16 V at the fifth day. The average rate of voltage increase per day is approximately 0.072 V per day. However, the received voltage recorded for point y of the same mango increased from 2.76 V up to 3.07 V with an average rate of 0.062 V per day. For the second mango, pre-ripe sample, the NIR measurements are presented in Table 1 . Following the sample procedures used in the un-ripe sample measurements, the voltage received for sample two, at the two different points x, y, is evaluated. The range of the received voltage for the pre-ripe sample, point x, is recorded starting at 3.44 V and up to 3.76 V with an average rate of 0.064 V per day. For point y in the pre-ripe sample, the voltage received is measured as 3.3 V at the first day and it increased to 3.67 V at the fifth day with an average rate of 0.074 V per day.
The results presented in this experiment, where voltage keeps increasing each day, emphasize the ability of evaluating fruit quality non-destructively using reflection NIRS measurements. In fact, as the fruit ripens, it becomes softer; where the amount of soluble sugar content increases each day and thus increasing the reflected light from the sample those results in an obvious increase in the received voltage.
Experiment 2 In this experiment, another two samples of mango fruit were monitored for six days. In fact, for effective devices, the sensitivity of the circuit that results in an evident change for different types of samples must be evaluated well. Amplification level and other components values presented in experiment one were adjusted to result in better sensitivity for signal detection in this experiment. Following the same procedures as in experiment one; the two mangos were monitored for six days with a period of 12 h between the measurement and the next one. In other words, the NIRS measurements from each mango were taken and recorded twice a day, at 7:00 AM and 7:00 PM. Since the amplification gain of the circuit and other components values were changed recently, there is an obvious change in the received voltage measurements comparing to the results in experiment one. The change was made for better sensitivity measurements. The measurement period was also decreased from 24 h to 12 h each day, allowing for more details and accuracy in the result. The measurement of both samples is presented in Table 2 .
The NIRS of the first sample is presented in Table 2 , were NIRS was recorded as 3.675 V at the first day and has increased up to 4.086 V. The average rate of voltage increase Table 2 , the voltage measurement recorded at the first day was 3.709 V and it increased up to 4.105 V with an average rate of voltage increase as 0.033 V each measurement time, which means also 0.066 V per day.. Since the voltage measured (NIRS) ranges between 3.7 V and 4.2 V, the ripeness quality percentage was calculated using Eq. 2.
Where Vi is the measured voltage from any tested sample. From the equation of the quality level stated at Eq. 2, the NIRS measurement with the correlated quality level of the second sample is presented in Table 3 .
Experiment 3
The objective of this experiment is to examine the effectiveness and accuracy of the device measurements. As the system development was almost done, fifteen mango samples, were used in this experiment to examine the device affectivity. Samples were all harvested from a local orchard in Bukit Beruang Utama, Melaka, Malaysia. They were chosen to be at a different ripeness level observed by the normal human eye. All samples were stored in the refrigerator to keep them at cold temperature (4±1°C) and they were allowed to equilibrate to room temperature (20°C) for 10 min before the NIRS measurement. The data of NIRS measurements for this experiment are presented in Table 4 , where samples are sorted from the un-ripe sample to the ripest one.
A summary of the data recorded of all the fifteen mango samples is presented in Table 4 . In the table columns, the samples are sorted from one to fifteen, while the horizontal tables represent the voltage received and the approximate percentage of ripeness level as shown in Fig. 6 .
In Table 4 , the voltage received at the system output ranges approximately between 3.5 V volt and 4.2 V according to the ripeness stage of each sample. These results emphasis the effective NIRS measurements readings of the device that has the ability to assess the repines of mango fruit non-destructively using reflectance NIRS technology.
Experiment 4 Study of variation in the NIRS effective reading values with respect to the contact area of the optc sensor and temperature. The effect of the random variations of optic sensor contact (because of random changes in optic sensor contact pressure on the fruit surface) and random variation of temperature, on the measured values of the effective NIRS measurement readings of the fruit, is ascertained by measuring the effective NIRS measurement readings of the fruit samples in a batch of eight readings where each reading is the average of two readings at two different points x, y, is evaluated for un-ripe and pre-ripe mango fruit sample as shown in Table 5 . These measurements were made at a controlled temperature of 20±3°C. The standard deviations for effective NIRS measurement readings of un-ripe at point x are ±0.026, and at point y ±0.039.
Correspondingly, the standard deviations for effective NIRS measurement readings of pre-ripe mango fruit at point x are 0.035, and at point y 0.065 Respectively, calculated from experimental data. Results are given in Table 5 .
From the results of the four experiments conducted during this project, near infrared spectroscopy shows a very promising evaluation of the fruit quality. Demonstrates the results collected from the fifteen samples measurements in experiment three. Different NIR spectroscopy measurement was recorded for each sample. The vertical axis of the graph represents the voltage measured for the different samples listed in the horizontal axis.
Quality evaluation of mango fruit can be also described in the form of percentage level. Represents the quality level versus the number of samples measured.
Based on the results recorded and, mango with high quality should results in voltage range between 3.98 V to 4.1 V of NIR measurements that means also a range of quality percentage between 70 % and 100 %. The higher measurements of NIR spectroscopy, the higher the quality of the fruit. In fact, NIR spectroscopy (940 nm) shows an excellent performance on determining the presence of sugars, starch, and protein with concentrations greater than 0.1 % in samples.
Conclusions
The portable NIR spectroscopy (940 nm) system was developed to determine the quality of mango fruit nondestructively. The system was designed based on NIR spectroscopy technology because of its highly accurate measurements that provides a brief and rich summary of the overall biochemical components of the sample.
The effective of random variation of temperature and pressure is determined and found negligible in comparison with change in effective NIRS measurement readings of the mango fruit because of ripening process. The ratio between effective NIRS measurement reading values of ripe and un-ripe (raw) mango, measured at x point, is 1.12. While ratio between effective NIRS measurement reading values of ripe and perripe (raw) mango, measured at y point, is 1.09. Hence, the effective NIRS measurement reading values of mango fruits may be used to differentiate between un-ripe and ripe mangoes.
These are the preliminary results; further experimentation may be done to detect Quality percentage how sugar content and acidity of mango fruit is increased with time in which it takes approximately 5 to 10 days for a mature mango fruit to ripen. The results presented in this study were very encouraging and indicate the ability of NIRS measurement in evaluating the quality of mango nondestructively. It also showed that such portable devices could help to obtain a Effective NIRS variation for a mango with time period Fig. 6 Effective NIRS variation for a mango with time period complete follow-up of the mango in the orchards and during post-harvest. This device makes it possible to evaluate the mango quality nondestructively by a portable, low cost, friendly use, time consuming, and small near infrared spectroscopy reflectance system with 940 nm wavelength.
